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On his voyage home, Odysseus is nearly seduced to his death
y the singing of the sirens. Odysseus’s crew, their ears plugged
ith wax, thankfully do not hear his desperate pleas to change
ourse. While such trials are not a feature of our daily trav-
ls, a variety of distractions can send us off course. In this
ssue, Ciaramelli (2008) reports a patient who repeatedly suffers
rom this affliction, being lured away to unintended locations.
he study provides new insights into the neural basis of spatial
avigation.
Our capacity for navigation is thought to rely on a distributed
etwork of brain regions, which include the hippocampus,
arahippocampus, retrosplenial cortex, parietal cortex, and cau-
ate nucleus (see e.g. Aguirre & D’Esposito, 1999; Spiers &
aguire, 2007a). Each region is thought to serve a different
unction of our navigation machinery, such as representing a map
f large-scale space, converting the map to egocentric space, or
epresenting our current viewpoint. However, the neural sub-
trate of one particular function remains a mystery. How does
he brain represent spatial goal locations or guide navigation to
hem? Several lines of evidence suggest this may be the preserve
f the prefrontal cortex.
The prefrontal cortex has long been associated with
ehavioural flexibility, working memory and planning; func-
ions important for achieving goals (Fuster, 1989; Luria, 1969;
assingham, 1993). It also integrates highly processed infor-
ation important for guiding goal-directed behaviour (Pandya
Barnes, 1987). Several functional neuroimaging studies have
evealed increased activity in prefrontal areas during spatial nav-
gation tasks (Gron, Wunderlich, Spitzer, Tomczak, & Riepe,
000; Hartley, Maguire, Spiers, & Burgess, 2003; Maguire et
l., 1998; Yoshida & Ishii, 2006), one directly linking prefrontal
ctivity to goal processing (Spiers & Maguire, 2006, 2007b). In
odents, medial and orbital prefrontal lesions have been found to
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Open access under CC BY license.mpair certain aspects of navigation (Lacroix, White, & Feldon,
002; Vafaei & Rashidy-Pour, 2004), and recently cells in these
egions have been found to code spatial information about goals
Feierstein, Quirk, Uchida, Sosulski, & Mainen, 2006; Hok,
ave, Lenck-Santini, & Poucet, 2005). However, it remains
ncertain whether the human prefrontal cortex is necessary for
avigation.
In a recent article in Neuropsychologia new evidence
as emerged suggesting that the ventromedial prefrontal cor-
ex (vmPFC) is required for navigation (Ciaramelli, 2008).
iaramelli (2008) tested a patient with bilateral damage to the
entromedial prefrontal and rostral anterior cingulate cortices
hose central complaint, following recovery, was of way-
nding difficulties. Despite good topographical knowledge of
is hometown he performed very poorly, compared to healthy
ontrols, when asked to describe a set of routes between locations
n the town. However, his performance improved substantially
hen he was given the name of his destination or a cue to
ehearse the destination at regular intervals. No such improve-
ent occurred when a visual stimulus was presented at similar
ntervals. Thus, it appears the vmPFC is necessary for navigation
nd its role may be to maintain the goal destination in working
emory (Ciaramelli, 2008). That the problem lies with working
emory is further supported by the patient’s generalised deficits
n standardized tasks requiring working memory.
However, deficits elicited by laboratory tasks do not always
redict deficits in the ‘real world’ (Habib & Sirigu, 1987;
apur & Pearson, 1983; Maguire, Burke, Phillips, & Staunton,
996; Spiers, Burgess, Hartley, Vargha-Khadem, & O’Keefe,
001). Indeed, a cue to rehearse the destination might not be
s beneficial during navigation of a complex and bustling town.
ppropriately, the patient’s ability to actively navigate in the
own was assessed under similar cue conditions to the laboratory
ask, with a strikingly similar pattern of results.
Further insight into this patient’s problem was generated
y an analysis of the errors made in relation to several fac-
ors, including familiarity, route length, number of turns, etc.
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Ciaramelli, 2008). Of these factors, only familiarity was found
o be associated with the number of errors. While successful
outes were rated more familiar, surprisingly, the reverse was true
f highly familiar locations on the route. Intriguingly, two-thirds
f error trials involved the route ending at one of a number of
ersonally familiar locations, each associated with the patient’s
revious work or hobbies. According to Ciaramelli (2008) these
ocations, being highly salient, acted as “attractor” locations,
uring the patient away from his true goal. Thus, the vmPFC
ay be necessary not only to maintain the goal in memory, but
lso to suppress irrelevant information.
These findings agree well with those of a recent neuroimaging
tudy exploring the brain activity of London taxi drivers as they
avigated a highly accurate virtual simulation of London (UK)
Spiers & Maguire, 2006, 2007b). In this study, the relationship
etween the subject’s thoughts during navigation and their brain
ctivity was examined using a retrospective verbal report pro-
ocol. Immediately post-scan, subjects watched a video replay
f their performance and reported what they had been thinking
hile they were doing the task in the scanner. Of the wide vari-
ty of thoughts reported, the most frequent concerned thinking
bout the goal and the route to it (see Spiers & Maguire, in press,
or full details). These were associated with increased activity
n anterior BA10 and in a medial prefrontal region overlapping
ith the dorsal extent of the lesion of the patient described by
iaramelli (2008). Given the latest findings, it could be argued
he medial region is involved in maintaining goal representation
hile B10 may be important for manipulating information for
lanning (Koechlin, Basso, Pietrini, Panzer, & Grafman, 1999).
urther evidence that cells in the medial prefrontal region might
onitor spatial goals comes from the finding that activity in a
egion on the border of BA9 and BA32 correlated with proxim-
ty to the goal during navigation (Spiers & Maguire, 2007b). A
ore ventral medial prefrontal region was activated when sub-
ects listened to navigationally irrelevant comments of customers
hilst navigating (Spiers & Maguire, 2006). Ciaramelli (2008)
uggests this may have been related to the mental rehearsal or
energizing’ of the actual goals. An alternative, related, inter-
retation is that the region is activated by the requirement to
uppress processing of the new information in posterior cortical
egions.
Ciaramelli (2008) argues that the patient’s deficit may arise
rom three related difficulties. These are: (a) an inability to
ctively maintain the goal in working memory, (b) a reversal-
earning problem, and (c) a loss of the grammar that prescribes
he transitions between attractor states in cortical networks. The
ast problem would make it difficult for the patient to avoid
ersonally familiar locations, as these would be represented
y strong attractors. A view favoured here, in line with other
uthors (Burgess, Veitch, Costello, & Shallice, 2000; Shallice
Burgess, 1991), is that the deficit can more readily be sum-
arised as a failure to maintain the intention to reach the
estination in working memory and a reduced suppression of
reviously learned information (in this case routes). A similar
ack of suppression may underlie the reversal-learning deficit
een in such patients (Fellows & Farah, 2003), rather than vice
ersa.
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Most new research generates more questions than answers,
s is the case here. Along with replicating the findings in other
imilar patients, a number of questions remain to be answered.
an the patient learn routes in an unfamiliar environment? At
hat point in the route is the intention lost? Given that medial
refrontal activity is correlated with goal proximity (Spiers &
aguire, 2007b), might the patient be unable to make use of
ovel shortcuts or reach the goal after a detour? Which region
alculates proximity or directional information to goals? Though
here is much still to be explored, the results from Ciaramelli
2008) add to our understanding of the neural processes sup-
orting navigation. Given this new insight, when your mind next
rifts and you arrive at a familiar but unintended destination, you
ill know which part of your neuroanatomy to blame.
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